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Background: Adequate nutrient intake is critically important for achieving optimal sports performance. Like all
athletes, female runners require a nutritionally balanced diet to maintain daily activities and a successful training
regime. This study investigates the effects of cereal product based dietary iron intervention on iron status of
recreational female runners (n = 11; 32 ± 7yr; 239 ± 153 minutes exercise/week, of which 161 ± 150 minutes running
activity/week; VO2max 38 ± 4 ml/kg/min).
Methods: Participants completed a 6-week dietary intervention study. They were asked to replace their usual bread
with iron-rich Teff bread as part of their daily diet. During this period, their dietary habits were assessed by multiple
pass 24-hr recalls; iron status was determined by venous blood analysis for serum transferrin, serum transferrin
receptor, serum ferritin, total iron-binding capacity and transferrin receptor/ferritin log index.
Results: Pre-intervention a cohort of 11 female runners reported inadequate daily dietary iron intake of 10.7 ± 2.7
mg/day, which was associated with overall compromised iron status. Over a third of all participants showed
depleted bodily iron stores (serum ferritin <12 μg/L). Pre-intervention macronutrient assessment revealed adequate
energy, protein and fibre intakes, whilst total fat and saturated fat intake was above the recommendations at the
expense of carbohydrate intake. A 6-week dietary intervention resulted in significantly higher total iron intakes
(18.5 mg/day, P < 0.05) and improved iron tissue supply but not enlarged iron stores. Improvements in heamatological
indices were associated with compromised baseline iron status, prolonged intervention period and increase in
dietary iron intake.
Conclusion: Dietary iron interventions using a staple cereal product offer an alternative way of improving
dietary iron intake and favourable affecting overall iron status in physically active females.
Keywords: Iron-deficiency, Athletes, Dietary intake, FerritinBackground
Iron is an essential mineral for optimal physical per-
formance [1]. It has a role in oxygen transport and en-
ergy production and serves as a functional component
of haemoglobin and myoglobin. Additionally, iron is a
crucial part of cytochromes, found in the electron trans-
port system during production of ATP, hence, providing
energy source for physical movement. Therefore, in order* Correspondence: Valentina.Stojceska@brunel.ac.uk
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unless otherwise stated.for the metabolism and oxygen transfer to take place ef-
ficiently during physical performance, there must be an
adequate level of iron in the human body.
Considerable evidence suggests that nutritional iron
deficiency has a negative impact not only on overall
health and wellbeing [2] but also on exercise performance
[3,4]; hence, improving overall iron status in athletes may
enhance their athletic performance. Female athletes, espe-
cially runners, are at greater risk of iron deficiency due to
increased iron loss in the gastrointestinal tract, sweat,
urine and menstruation, and increased haemolysis during
endurance training [1]. Furthermore, inadequate dietary
iron intake, coupled with limited bioavailability of ironal Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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deficiency in female athletes.
The effectiveness of conventional iron deficiency treat-
ment of pharmacological doses of iron in supplement
form is often questioned due to low compliance rates
associated with the side effects such as nausea, stom-
ach pain, constipation and diarrhoea [2]. Therefore,
good nutritional practices to achieve adequate iron
balance have been suggested as the first line of action
in the prevention of iron deficiency in female athletes
[3,5]. Although, iron-deficiency anaemia has been
shown to have an adverse effect on performance [6,7],
the evidence on iron deficiency in the absence of an-
aemia and the effect on athletic performance is con-
flicting. Whilst, some researchers reported significant
improvements in performance and adaptation in en-
durance capacity of marginally iron-deficient females
after the correction of iron status using iron supple-
ments [8-10], others show no improvement or in fact
little adverse effect of marginal iron depletion on exer-
cise performance [11,12].
In addition to this, the research looking at the effects
of dietary iron interventions on iron status and exercise
performance in female athletes is very scarce. A longitu-
dinal study conducted on swimmers investigated iron
status and exercise performance during a 6-month
period [13]. The authors reported no differences in iron
status or performance scores between iron-rich diet and
free choice diet participants. However, a four weeks
iron-rich diet, which provided 18.2 mg/d, showed sig-
nificant effects on serum ferritin concentration in rhyth-
mic gymnasts [14]. Another study reported that a diet
rich in iron (11.8 mg iron/day) was more effective in
protecting iron status than were the supplements (50
mg ferrous sulphate/day) during 12 weeks of aerobic
tests in previous sedentary women [15]. Additionally,
the dietary intervention group also showed the highest
improvement in their exercise tests. Another study on
dietary intervention and iron status in athletes showed
that a 4-week dietary advice counselling did not im-
prove overall iron status [16]. However, the authors
suggested that diet composition, in particularly the
presence of enhancers of non-haem iron absorption,
was the most predominant influence for iron absorp-
tion in this population. The most recent study inves-
tigated the effects of heme iron-rich food product
consumption in women of reproductive age [17]. The
authors concluded that dietary-based iron treatment
using iron-rich crisp bread improved iron status simi-
larly to iron supplements and provided fewer side
effects.
The present study aimed to explore dietary iron inter-
vention by the means of a staple food product and the
effects of that on iron status in female runners.Methods
Design
This study investigated the relationships between iron-
rich food product incorporation into the daily diet and
changes of iron status in physically active females during
a 6-week intervention period. This study was conducted
according to the guidelines laid down in the Declaration
of Helsinki and all procedures involving human subjects
were approved by the Ethics Committee of a UK Higher
Education institution. Written consent was collected from
all participants.
Participants
A total of 15 female subjects, recruited from local run-
ning clubs and leisure centers, expressed an interest in
participating in the study. Participant’s eligibility was
tested by a screening questionnaire. The inclusion cri-
teria included: age 18-45 years, engagement in purpose-
ful physical activity, in particular running, for at least the
previous 6 months at the level of at least 30 minutes a
day 3 or more times a week, no muscoskeletal problems
or recent injury, no heart conditions or complaints, no
asthma, normal blood pressure, no-smokers, no current
chronic diseases, regular menstrual cycles, no recent iron
therapy, no blood donation or haemophilia, no current
pregnancy or pregnant within the past year, no food aller-
gies or intolerances, no recent history of eating disorders.
After screening, 4 subjects dropped out due to the exclu-
sion criteria (recent pregnancy, n = 1; Diabetes, n = 1) and
compliance issues (missed their first appointment, n = 2).
Procedures
After pre-study screening, eligible subjects were assigned
to a 6-week dietary intervention. During the interven-
tion, study participants were asked to swap their usual
bread with Teff bread per day (5.6 mg iron per 100 g),
which was developed by the research team [18], and not
to change any other of their dietary habits or exercise
regimes.
All subjects were familiarised with the study’s protocol
a week prior to the intervention. Participants’ current diet,
exercise levels, anthropometric measurements, blood iron
parameters and exercise performance were assessed on
baseline (week 0), midpoint (week 3) and end (week 6) of
the intervention. Subjects were also asked to keep a bread
consumption log in order to record their compliance.
Anthropometric assessment
Subjects’ height and weight were recorded at baseline
(week 1), midpoint (week 3) and end (week 6) of the study
using Seca 217 stadiometer (Cranlea, Birmingham, UK)
and Seca 711 personal weighing machine (Cranlea,
Birmingham, UK), respectively.
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Dietary intakes and supplements usage were collected
using multiple pass 24-hour diet recalls for each partici-
pant at baseline (week 1), midpoint (week 3) and end
(week 6). The food records were analysed using NetWisp
3.0 (Tinuviel Software, Llanfechell, Anglesey, UK) diet
analysis software. Missing food items’ nutritional data
were manually entered into the software by either lo-
cating food composition from product manufacturers’
websites or the McCance and Widdowson’s Compos-
ition of Foods integrated dataset (6th Summary, UK
Nutrient Databank, 2002, UK).
Under-reporting was assessed by Goldberg cut-off limits
[19]. Total energy was tested for under-reporting by ap-
plying the following formula: Basal metabolic rate (BMR)
X 1.55. Test values below the cut-off limit were considered
to represent underreporting. BMR for each participant
was obtained by Henry equation [20].
Nutritional data were compared to the dietary reference
values (DRVs) for energy [21], macro- and micronutrients
[22]. Because carbohydrate requirements for athletes
are higher than those in general population, carbohydrate
recommendation intake was based on the American Dietetic
Association (ADA), Dietitians of Canada (DC), and American
College of Sports Medicine (ACSM) joint position state-
ment recommendations [23].
Haematological assessment
Iron status was assessed from non-fasted blood samples
taken at baseline (week 0) and completion of the interven-
tion (week 6). To limit the possibility of an acute phase re-
sponse to exercise affecting these results, samples were
taken at least 12 hours after the last exercise session and
at the same time of the day followed a controlled fluid and
food intake [24].
The following blood indices were analysed: serum fer-
ritin (sFer), serum transferrin (sTRF) and serum trans-
ferrin receptor (sTsfR). Because these serum iron status
indicators are not immediately influenced by food in-
take [25], the subjects did not fast before having their
blood taken. Serum was prepared from venous bloods
by centrifugation after clotting and was stored at -20°C
for determination of iron status indices. Serum ferritin
(sFer) was measured by immunometry, using an electro-
chemiluminescence immunoassay (ECLIA) on Modular
Analytics E170 (Roche Diagnostics GmbH, Mannheim,
Germany). Serum transferrin was measured by immuno-
turbidimetric assay; and serum transferrin receptor (sTsfR)
by particle-enhanced immunoturbidimetric assay, both
using Cobas integra system (Roche Diagnostics GmbH,
Mannheim, Germany). All serum samples were analysed
concurrently at the completion of the study to eliminate
variation in assay conditions. Reproducibility of the test
kits was determined using human samples and controls ininternal protocols. All analyses were performed at one
point in time, therefore, coefficient of variance (CV)
within run (n = 84 for sFer, n = 20 for sTRF and sTsfR) for
the lower and upper range values were used.
Additional haematological indices were determined to
obtain more comprehensive range of iron status indica-
tors. Total iron binding capacity (TIBC) was calculated
using the formula: TIBC (μmol/L) =25.1 × TRF (g/L) [26].
The upper threshold value of 1.5 was used for sTfR/log
ferritin ratio (sTfR-F index) [27].Statistical analysis
Statistical tests were carried out using SPSS 16.0 (SPSS
Inc., Chicago, Illinois, US). A significance level of P < 0.05
was used.
The normality of dependent variables was tested by
Shapiro-Wilk test for baseline values for subjects’ age,
BMI, training regime, iron status parameters, and exercise
performance scores. The normal distribution, in terms of
skewness and kurtosis, were assessed using 2 × standard
deviation for both values. Log transformation was applied
to variables that were not normally distributed. Boxplots
were used to check for possible outliers.
Dietary confounders were assessed using baseline, mid-
point and end means values applying repeated measures
one-way ANOVA test.
Descriptive statistics and differences in mean values
of investigated factors were tested by Pearson’s where
no account for possible confounders is needed and
Partial Correlation with the presence of confounders
and Paired-sample t-test to determine the statistical
significance effect of pre- and post-intervention. These
tests were applied for the haematological data at base-
line and end.
Baseline dietary intakes for macro- and micronutri-
ents were compared to dietary recommendations using
One-sample t-test.Results
Participants’ characteristics
Characteristics of the participants are shown in Table 1.
The mean age of participants was 32 years. The subjects
were within the normal BMI range and engaged in regular
exercise regime, mostly running.
Although the sample size was small (n = 11) the study
employed stringent inclusion criteria and accounted for
possible confounders, including dietary habits and train-
ing routine. The statistical tests for normality showed no
significant anomalies for subjects’ age, BMI, nutrients in-
takes, exercise and blood iron parameters, suggesting the
present study had overall normal variables distribution.
No case of dietary underreporting was evident in the
sample.
Table 1 Characteristics of study participants










1 44 20 R (l-d) 380 300 46 6.2
2 29 23 R 170 110 40 3.0
3 20 22 R, V 540 360 38 3.6
4 36 21 R 120 60 36 1.4
5 28 22 R, SW 120 60 35 2.5
6 39 21 R (l-d) 480 480 42 5.0
7 31 25 R 160 100 35 5.5
8 26 24 D, R 180 30 42 3.5
9 38 27 R 200 150 34 2.1
10 33 28 R 160 60 33 5.0
11 33 25 R (l-d) 120 60 33 5.4
Mean ± SD 32 ± 7 23 ± 2 239 ± 153 161 ± 150 38 ± 4 2403 ± 392
Key: *R-running, R (l-d)- long-distance running, V- volleyball, SW-swimming, D-dancing.
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Energy and nutrient intakes are presented in Figure 1.
Female runners achieved the recommendations for total
energy and protein. Fibre intakes were satisfactory. Total
fat and saturated fatty acids intake was above the recom-
mended value at the expense of carbohydrate intake,
























Figure 1 Comparison of mean daily energy, macro- and micro-nut
Key: DRVs – Dietary Reference Values, TEI – total energy intake, NMES
lower observed value compared to that of recommended intake. DRVs u
saturates - <10 TEI, fibre – 18g/day (Ref), NMES - <10% TEI, vitamin C – 40 mg/day
iron – 14.8 mg/day (Ref), zinc - .The intake of non-milk extrinsic sugars (NMES) was
found to be above the recommended value of <10% total
energy. Female runners exceeded the recommendations
for Vitamin C, B-group vitamins, calcium and zinc. How-
ever, they did not meet recommendations for Vitamin A
and showed significantly (P < 0.001) lower intake of iron





rient intake of female runners and dietary reference values.
– non-milk extrinsic sugars. *represent significantly (P < 0.001)
sed: carbohydrate - 60% TEI (Ref), protein – 15% TEI (Ref), fat - <35% TEI (Ref),






























Mean intake 10.7 
mg/day
Figure 2 Comparison of individual daily dietary iron intake in female runners and dietary reference values. Key: LRNI - lower reference
nutrient intake, EAR - estimated average requirements, RNI - reference nutrient intake.
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intervention
The intake of total dietary iron increased significantly,
from 10.7 to 18.5 mg/day (P < 0.05) as a result of the
intervention. Teff bread provided 7.0 ± 3.3 mg iron a day
which contributed to 45% of the daily recommendation
value for dietary iron throughout the intervention period.
Teff bread also contributed to 15% of carbohydrate, 16%
of protein, 5% of fat and 31% of fibre daily dietary refer-
ence values as presented in Table 2.
Although, haematological indices improved, there were
no statistically significant differences observed in sTRF,
sTsfR, sFer, TIBC and sTsfR-F index values before and
after the intervention in the present study (Table 3).
Table 4 shows correlations between changes in iron in-
dices during intervention period, baseline iron status and
other intervention variables. The changes in iron status
parameters were correlated with reduced baseline iron tis-
sue supply. Because of compliance issues, the intervention
period varied across this cohort (4 to 6 weeks). TheTable 2 Teff bread nutritional composition
Nutrients in
Teff bread
Amount per 100 g Total daily contribu
Mean ± SD Mean ± SD
Carbohydrate (g) 43.2 ± 2.32 54.1 ± 16.14
Protein (g)* 11.0 ± 0.02 13.8 ± 4.11
Fat (g)* 3.7 ± 0.16 4.6 ± 1.38
Fibre (g)* 4.5 ± 0.32 5.6 ± 1.68
Iron (mg)* 5.62 ± 0.22 7.0 ± 3.32
Key: DRVs – Dietary Reference Values, TEI – total energy intake.
*experimentally determined as previously described (Ref).
1Based on reported consumption of average daily portion of 125 ± 37g of Teff brea
2DRVs used: carbohydrate - 60% TEI (Ref), protein – 15% TEI (Ref), fat - <35% TEI (Ref),prolonged intervention period was positively correlated
to improved iron tissue supply (ΔsTRF and ΔsTsfR). In
terms of dietary iron changes as a result of the interven-
tion, a significant (P < 0.05) positive relationship was ob-
served between increased dietary iron and enlarged iron
stores (ΔsFer).
Discussion
Despite the increased interest in nutrition amongst ath-
letes and the well documented importance of a balanced
diet in athletic performance, research suggests that many
athletes might be consuming diets that are less than opti-
mal [28,29]. This trend was also observed in the present
study. The runners’ diets provided inadequate amounts of
carbohydrate, whilst their intake of total fat, saturated fat
and NMES were above the national recommendations
(Figure 1). Most of micronutrient intakes were observed
to be above reference nutrient intake (RNI), with the ex-
ception of Vitamin A and iron. The baseline iron intake of







d by the participants.
fibre – 18g/day (Ref), iron – 14.8 mg/day (Ref).
Table 3 Changes in haematological data pre- and post-intervention
Iron status parameter Pre- intervention Post-intervention Change Intrinsic error (lower-upper range values)*
Serum Transferrin (g/L) 3.21 ± 0.6 2.97 ± 0.4 - 5.4% 0.86 – 0.77%
Serum Transferrin Receptor (mg/L) 3.43 ± 1.8 2.96 ± 1.3 - 12.8% 0.76 – 1.1%
Serum Ferritin (μg/L) 29.64 ± 20.9 33.40 ± 18.8 + 5.4% 3.8 – 2.1%
TIBC (μmol/L) 81.2 ± 14.7 76.2 ± 9.8 - 6.2% N/A
sTfR-F index 3.66 ± 3.7 1.94 ± 2.2 - 16.7% N/A
Key: *Intrinsic error was determined as coefficient of variance (CV) within run (n = 84 for sFer, n = 20 for sTRF and sTsfR) for the lower and upper reference range
values for all direct measurement haematological indices.
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researchers [30,31], who also reported most of macro- and
micronutrient intakes to be above recommended values
with the exception of iron. The mean intake iron in this
study was 10.7 ± 2.7 mg/d. This corresponds to the other
authors’ reported iron intakes of 11.0-12.2 mg/d for fe-
male athletes’ population [32,33] and in fact is similar to
that of the general female population, which is reported to
be at around 9.6 ± 3.0 mg/d [34]. In addition to this, the
present study found that only 36% of runners reached esti-
mated average requirement (EAR) of 11.4 mg/day, with
18% of them falling below the lower reference nutrient in-
take (LRNI) (Figure 2). This is similar to the levels (23%)
reported for the general female population [34]. Taking
into account that the iron requirement for female runnersTable 4 Relationships between incremental




% change Correlations with r value, P value
ΔsTRF (g/L) -5.4 Baseline sTRF r = - 0.7, P< 0.05
Baseline sTsfR r = - 0.8, P< 0.01
Baseline TIBC r = - 0.7, P< 0.05
Baseline sTsfR-F index r = - 0.8, P<0.005
No of days of
intervention1
r = - 0.7, P < 0.05
ΔsTsfR (mg/L) -12.8 Baseline sTsfR r = - 0.8, P < 0.05
Baseline sTRF r = - 0.6, P < 0.05
Baseline TIBC r = - 0.6, P < 0.05
Baseline sTsfR-F index r = - 0.8, P <
0.005
No of days of
intervention*
r = - 0.6, P < 0.05
ΔsFer (μg/L) +5.4 Δ sTsfR-F index r = - 0.6, P < 0.05
Δ dietary iron intake† r = 0.8, P < 0.05
Key: sTRF - serum transferring, sTsfR - serum transferrin receptor, sFer - serum ferritin.
*partial correlations controlling for corresponding baseline haematological
parameter.
†partial correlations controlling for changes in dietary calcium and vitamin
C intake.
Δrepresents an incremental change.
*DRV cut-off value.may be higher than general population [35], the baseline
observations from the current study indicate that dietary
iron intakes in this population are far from adequate.
As a result of the intervention, the dietary iron intake
increased to 18.5 ± 3 mg/d by the end of the study. How-
ever, the improvements in iron status were observed at a
statistically non-significant level (Table 3). Nevertheless,
within-subject variation, measured as coefficient of vari-
ance, showed that iron tissue supply parameters (sTRF
and sTsfR) improved at a notably greater increment
when compared to the intrinsic error. This indicates that
the changes were due to the intervention. However, this
was not observed in iron tissue parameters (sFer) which
indicates the change must have been notably influences
by the within-subject variation.
The lack of significant change in iron status in the
current study may be attributed to several factors. One
plausible explanation would be that mean serum ferritin
baseline value showed iron-repletion state (sFer 29.64 ±
20.9 μg/L). Researchers have demonstrated an inverse
relationship between iron absorption and serum ferritin
[36]. Hence, it may be possible that the subjects in this
study had sufficient iron stores at baseline, which would
explain the lack of significant effect of increased dietary
iron intake on overall iron status. The majority of other
iron therapy research studies recruited iron-depleted fe-
male runners (sFer < 20 μg/L) and used pharmacological
dosage of iron supplementation, hence, it is difficult to
compare them to the findings from current study. A
study using a heme iron-based crisp bread dietary inter-
vention in women of reproductive age showed a signifi-
cant improvement in serum ferritin after 12 weeks of
daily 35 mg of dietary iron intake [17]. The baseline
serum ferritin levels of 24 μg/L were reported in Hoppe
et al. study which suggest that participants may have
had depleted iron stores. A longitudinal study by Tsalis
et al. demonstrated no change in sFer levels of swim-
mers after 5 months of dietary intervention (26 mg/day)
and a decrease in sFer after 6 months [13]. The partici-
pants in Tsalis et al. study showed similar iron storage
values to the present study (sFer > 30 μg/L). Hence, simi-
lar baseline iron status of these studies cohorts may ex-
plain the lack of iron therapy effect in both studies.
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status might be due to the dietary iron bioavailability.
However, researchers suggest that around two thirds of
dietary non-haem iron was incorporated into the red
blood cells (RBC) after 2 weeks of consumption in par-
ticipants with sufficient iron stores [37]. Therefore, non-
haem iron derived from an iron-rich bread product in
this study during 6-week intervention period would have
been sufficient for the iron uptake and utilisation. Never-
theless, cereal products provide a less absorbable form
of non-haem iron compared to animal sources, which
contain haem iron [38]. Therefore, the lack of the effect
on iron status may suggest lower iron bioavailability in
Teff bread used in the present study.
Finally, the increase in dietary iron intake by 7 mg/day
might not have been sufficient to see notable changes
in iron status, especially as most of studies showing
iron status improvements used therapeutic supplemen-
tation dosages (100 mg elemental Fe/day) [8,9]. Ishizaki
et al. suggested that 4-week dietary intervention of 15 mg
of iron a day increased the activity of δ-ALAD, an en-
zyme participating in red blood cells (RBC) turnover;
however, this intervention did not increase any other
haematological indices [14]. The dosage of dietary iron
supplementation in the present study (mean of 7 mg/day
from Teff bread, total intake of 18.5 mg Fe/day) is
similar to the total dietary treatment of 15 mg/day
by Ishizaki et al.
Despite the lack of significant changes in haematological
indices, the study findings showed some important correla-
tions between baseline iron status and favourable outcomes
of the intervention. The iron status of iron-depleted partici-
pants showed the greatest improvements in haematological
parameters during the intervention (Table 4). This was in-
dicated by the correlations between changes in tissue iron
supply parameters (sTFR and sTsfR) and the highest initial
values of these haematological indices, showing inad-
equate iron supply at baseline. This can be explained by
the homeostatic body iron metabolism control as the ab-
sorption of dietary iron is increased with compromised
iron status [39,40]. This is in agreement with the findings
of the present study in which female runners with a com-
promised iron status pre-intervention improved their
haematological indices the most.
The increment in iron storage was positively corre-
lated with changes in dietary iron intake, even when
controlling for initial iron status (Table 4). This sug-
gests that iron stores were increased more in runners,
who increased their dietary iron intake the most regard-
less of their baseline iron status. This also indicates that
dietary iron was incorporated into body iron stores.
Hence, even a modest increase in dietary iron (from
10.7 to 18.5 mg/day) can provide beneficial effects on
storage iron level.Conclusion
The present study revealed inadequate dietary iron in-
take in the cohort of female runners studied. In addition
to this, over a third of the participants had serum ferritin
levels that indicated an iron-deficiency state (serum
ferritin <12μg/L). The dietary intervention showed sig-
nificant improvements in total iron intake and a mod-
est improvement in iron status.
Further research using larger groups of participants is
needed to confirm if dietary intervention through a dietary
change can significantly improve iron status and conse-
quently exercise performance. Nevertheless, taking into
account the research design and sample size limitations,
the current study findings show a positive but modest
improvement in iron status as a result of dietary iron
intervention.
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